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DOE Intends to Invest $42 Million into

MConnected Commun.i

Connected Community:

A group of grid-interactive efficient
buildings (GEBSs) with diverse,
flexible end use equipmentthat
collectively work to maximize
building and grid efficiency without
compromising occupant needs and
comfort

Funding opportunitywould enable
regional GEB communitiesto share
researchresults and lessonslearnedon
projects thatincrease gridreliability,
resilience, security and energy integration
well into the future.

Demonstrate and evaluatehe capacity
of buildings as grid assets bgxing

load in both new developments and
existing communitiesacross diverse
climates, geography, building types and
grid/regulatory structures

Share research resultand lessons
learned on projects that improve

energy affordability, increase grid
reliability, resilience, security and
energy integration
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https://unsplash.com/photos/c-7X1OLP2Js

Webinar Agenda

A Welcome & Introductions

A Overview of Relevant Field Testing Projects
A Alabama Power Smart Neighborhoods

A Q&A
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Current BTO Field Testing Projects

A Smart Neighborhoods: Birmingham, AL & Atlanta,
GA

A Post House: Evansville, IN
A Al-Driven Smart Community: Basalt, CO
A Grid-interactive Water Heaters: Pacific Northwest

A Transactive Campus: Richland & Spokane, WA
Toledo, OH

A Economic Dispatch: New York
A GT-Flex: Atlanta, GA
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Post House: Evansville, IN
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Source: CenterPoint Energy

Demand Flexibility Strategies

A Apartment units aggregated for
load -shed DR program

LJ Response is optimized using HVAC,
connected lighting, water heating,
and smart appliance loads

U.S. DEPARTMENT OF ENERGY

52 multifamily units in two mixed
buildings (2nd building is control)

-use

EE measures: Cold-climate heat pumps,
Advanced air sealing, Connected water
heater and appliances, LED lighting

DERSs: Rooftop solar, EV chargers

Goals and Metrics

A Energy: Savings per unit and by
measure type

LJ Load: Average and peak load
reduction, DR snapback

LJ Occupant experience: Comfort, opt -
out rate, satisfaction, and experience
with smart home devices

LJDER: PV/smartinverter performance

LJ Cost -effectiveness
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Al -Driven Smart Community: Basalt, CO

27 new -construction
townhomes

EE measures: High-efficiency
homes, Cold -climate heat
pumps, Heat pump water
heater, Connected thermostats

DERs: Rooftop PV, Battery
souce:NREL storage, EV chargers, Virtual
microgrid

Demand Flexibility Strategies Goals and Metrics
A Home energy managementsystem & Energy: 35% better than code
uses model -predictive control of A Load: Distribution feeder over -

home |oad, responds to aggregator voltage reduction, 10% peak demand
signals : reduction, daily load shift

A Community Aggregator module A Resilience: Days of operation with no
coordinates all the homes net grid exchange
collectively; interacts with utility to A Occupant comfort and experience:

get requests such as demand Indoor temperatures, satisfaction
response survey
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Transactive Campus: Richland, Spokane

WA Toledo, OH

-

Demand Flexibility Strategies

A Efficiency optimization and fault
diagnostics atindividual building

LJ Transactive controlsrespond to
grid prices and signals at campus or
feeder level

4 -8 existing commercial buildings on 3
campuses; Pilot: tens of buildings in new
EcoDistrict in Spokane, WA

EE measures: Agent -based transactive
controls for existing HVAC, lighting

DERs: PV, battery and thermal storage,
EV chargers

Goals and Metrics

A Energy: Consumption and bill savings,
per building and for campus

LJ Load: Coincident and non -coincident
peak load reduction, distribution
feeder congestion reduction

LJ Indoor environmental quality: indoor
temperature and illuminance

LJ Occupant satisfaction survey

LJ Scalability: Deployment and
integration time and effort

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



GT-FLEX: Atlanta, GA
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Demand Flexibility Strategies

A Efficiency optimization for
individual buildings and central
plant

LJ Pre-programmed strategies for
optimal response for grid services
(real-time pricing or demand
response)

12-18 existing education buildings on
Georgia Tech campus

EE measures: Optimized controls for
existing HVAC system, central plant
upgrade (future)

DERSs: Battery and thermal energy
storage (future)

Goals and Metrics

A Energy: Utility bill savings,
greenhouse gas reductions

LJ Load: Peak load reduction, load shift
energy, for individual buildings and
campus, DR program incentives

LJ Cost -effectiveness: return on
Investment
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Common Project Characteristics

A Multiple buildings (20 -50 residential
buildings/units, 5 -10 commercial buildings)

A Energy efficiency features (controls upgrade at
minimum)

A Distributed energy resources (one or more)

A Coordinated optimization for grid services

A Metrics: Annual energy consumption, Non -
coincident peak load reduction

A Data collected: Interval meter readings, smart  tstat
& appliance data, weather, DER generation/usage,
customer/occupant perceptions
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Differing Project Characteristics

A Building sector (residential/commercial/mixed)
A EE measure mix (controls and/or hardware)

A DER type and scale (e.qg., individual vs. shared)
A Optimization algorithms & coordination methods

A Grid services provided (peak reduction for DR, load
shift, distribution voltage support, etc.)

A Resiliency (presence of microgrid)

A Business model (which entities develop, own, and
operate different parts of the project)

A Metrics: Customer energy bills, Ease of
deployment, Cost -effectiveness, IEQ

A Data collected: Building end -use, Feeder load, Cost
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What DOE is Looking For

V Teams of strategic stakeholders V Ability and willingness to share data

V Sets of multiple buildings V Diversity of projects (geography,

V Multiple DER integration building type, climate, vintage,
regulatory)

What We Hope to Achieve

Measured impact of building as grid assets

Solutions that address diverse grid needs that can be scaled in size and in other
communities

Input from occupants on impact and comfort level

Demonstrated new business models for demand flexibility and DER coordination and
optimization

Online solutions center on best practices

A
A
A
A
A

Request for Information on Connected Communities

A D-EOA-0002291: Request for Information: Funding Opportunity Announcement 2206:
AConnected Gommunities

Send RFI responses to: CCPilotsRFI@ee.doe.gov
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ORNL Team: Michael Starke, Heather:Buckberry, Helia Zandi, Jeff Munk, Mahabir
Bhandari, Chris Winstead, Robert Smith, Supriya Chinthavali , Varisara Tansakul, Joni Hall,
Joe Hagerman, Ben Ollis, Drew Herron, Josh Hambrick  Teja Kuruganti , Ron Ott

Distributed Energy

Southern Company Resources
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A SMART
Azbama - NEIGHBORHOOD®

Objective

Design and build a first-of-a-kind connected community to
understand and prepare for evolving customer expectations and future
grid needs

Scope

Demonstrate distributed energy resource (DER) use cases optimizing
cost, reliability, and environmental impact with a community-scale
microgrid

Demonstrate 62 high-performance homes with connected home
technologies providing an improved customer experience

Demonstrate buildings-to-grid integration with real-time utility-to-
customer interaction




Opportunity space

|Faci|ities or large critical | | Existing electric grid | | Buildings have the | | Significant advantages | | Significant need in

loads require microgrids lack methods for potential to reduce _inco -optimizing scalable control and
to cost -effectively meet managing on -site their consumption by microgrid generation & automation techniques
continuity of operations generation low voltage 20%-30% through neighborhood -scale forimproving resilience
S (building), medium advanced sensors and consumption/residential and situational
and r_esnllence voltage (distribution), controls loads awareness
requirements and high voltage
(transmission) systems
@
g Reduce Energy
= Intensity and
=2 N Increase Energy
2 Efficiency
Time
g p e
% Increase Load Flexibility
2 — and Improve Grid
= Resiliency

Time

5.5 million commercial, 118 million residential, projected to be 80% of load growth through 2040
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Overview (Centralized Theme, Alabama Power)

Alabama Power:
Neighborhood

62 Residential Buildings

Alabama Power:
Microgrid

PV System: 420kW
Energy Storage System : 250kW, 681kWh
Generator : 400kW

A
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Alabama Power:
Timeline

October2017: Construction began

December2017: Entire Microgrid Completed

May 2018: Entire Neighborhood Completed

August 2018: Deployment of Full

Neighborhood Water Heater Control

October2018: Deployment of Full
Neighborhood HVAC Control

November 2018: Integration of CSEISMIC

Price Signal as Driver

February 2019: Started running alternating on

and off weekly against different study use
cases.




Technical Approach

Quantify the value to the grid of
operating microgrid with controllable
loads

Develop and demonstrate control
algorithms for generating
macroscopic load shapes

Evaluate price/incentive signal design
with a microgrid and controllable
loads.

Develop scalable system -level
architecture for performing control at
scale
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Understanding homes are not primarily a grid asset

It is a balancing act to effectively manage resource efficiency and homeowner comfort

o - - - - o - - — -

A Changing philosophy on what supplies ’ N e N
our generation

- Generation is moving from
centralized plants to distributed

- Integrating resources and
coordinating resources is becoming
more important (interoperability is a
challenge) . - e -
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Distribution

- Increased renewable generation Sy W)

[Mw]
A Increasing need for resilience of electrical
system

o Establishing and utilizing residential building
flexibility to support the grid.

DiStrOUEd e = v o o - - T_he_ Loads
Energy Resources (_Bulldmgs, .EV,
(DERi PV, Wind, appliance, equipment,
CHP, FC, etc) etc)
[kw, MW] [kw, W]

d Ensuring that customer privacy is
maintained while supporting grid needs.

d Improving system resiliency under threats of
systems outages.
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Multi-level of Optimization

q‘ Solar PV
v Battery

’ Generator
\ New Optimization Signal,

Grid Level

Alabama Power Interval

Pricing Signal
Sent to Home Level
Optimizer
1 1 1
Individual Home Level ' e
Implement Control Strategy '
External Data Inputs - Create Schedules & Setpoints

- Simple Thermal model
- Comfort Constraints
- Equipment Performance

— i
t + horizon tife

- Wga_ther . Heat Pumps
- Pricing Signal ‘\ /\/—/\-

) Sensors
Learned/Built Inputs ﬁ g

F
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Models drive optimization

Residential -Level Neighborhood -Microgrid
Optimization Optimization

Equipment Models

24 Hour Price Curve
Iteration #
Optimize Acceptance Optimize

Price Signal / Predict Load

< @ Residential >

. A

24 Hour Load Curve

Home Energy Management

Energy Optimizafion |teration #
Sub-Melering
Capacity Adaptive Load Reliability Regulation
Management Shape response response
O RI BUILDING TECHNOLOGIES .‘.‘..
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Load Side Optimization

WATER HEATER Water Heater

A Requires different data OPTIMIZATION

sources in near real -time:

Water Heater

Objective: (min cost/ Controls
maintain comfort)

Water Heater Temperatures

Water Heater Mode

d Device measured data

. . Constraints:
Microgrid Controller Water Heater Model (RQ)

8 Weather forecasting Flectricity Consumption

Hot Water Usage

Home
Interface

d Predicted behavior

A Optimization uses model Stored NS Total Load
o : Collected Hot Water Usage Prediction
predictive formulations for Data ;

Electricity Usage

HVAC and Water heater Additional Heat Loads
Building Model —
A Comfort bands based on user HVAC
input thermostat schedules HVAC OPTIMIZATION
and deadband . THERMOSTAT _ Objective: (min cost/

maintain comfort)

User Septoint Schedule

A Driven by price signal from e Gulking Mocel (RC A

microgrid controller. e T contrek
QOutdoor Temperature
- . WEATHER

A Utilizes learning and
predictions to assess future Soler rradiance Forecast
Operations . Temperature Forecast

OAK RIDGE BUILDING TECHYOLOGIES _"‘

YOAKRIDCE AR sovern
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Optimization and Control

Measured Parameters
Temperature

o v " o on el D =80
EDD 0 QU@ I "WQAHO 0 wé &4 V\\,lvpnzl

=
- ;

£ QWO

Max Temp/ |I

O'Qi' @& qINE YD O AT Y& O Min Temp
0'Qi @& N YO YO dAANI
0Qi G¢ ¢ it o

OPTIMIZATION

Qdevice
Pdevice

Ttarget

l Tsetpoint

¢ OQHMMEDT  § QU@ED | OGO 00l bE G YHL Y

0"Qi ©¢ Nt TY®E AHE TYa dd
0Qi ®é qI0E YO Q) YO Q¢ |
0Qi ©¢ q80¢ T o

A

EUILOING TECHNOLOGIES —
RESEARCH AND Southern
INTEGRATION CENTER Cnmpgw

% 0AK RIDGE

. Natiosal Laborarary




Water Heater Example in Detall

S‘ . Objective Function:
2} i E(m 0 z" 0 © 0 ) 0 )
g Constraints:
b Heat Pump: Electric:
% ) DUTTTllﬁTTZ"Y O uvmnmEm
v oUW 0 uvTEm
1T . m
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Hot Water -
. Comfort Model:
Hest P, - -
Cal | (o) 1'% Y hO miQQd® ¢ n  Qutput:
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CaWan et o 'Yy 'Yy ho mvoieton  Setpoint
- ! A
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Agent Framework

Data Pass through and collector of
Home Interface optimization and electrical
Agent based _framew_ork to support consumption projections for
autonomous integration and negotiation Aggregator agent
of load resources with a microgrid Translates HVAC decisions and status
HVAC Interface
controller to vendor API

Water Heater Translates Water Heater decisions and

[[ WVAC ]] [J Interface status to vendor API

Utilizes building specifications,
forecasted weather data, building
L parameter data, price forecast, and
AN Ol lilFas HVAC status data to optimally
schedule HVAC and provide expected

electrical consumption.

Utilizes predicted water consumption,
price forecast, and Water Heater status
Water Heater ;
Optimizer data to optimally schedule Water
Heater and provide expected
electrical consumption.

Pulls data from Southern Company API
which includes weather, building
SoColnterface specifications, historical load
measurements by circuit, device
credentials, and historical data.

Utilizes data collected from SoCo
Learnin stored data to perform predictions on
9 hot water usage, internal heat loads,

4 building parameters, etc.
OAK RIDGE EUILDINS TECKNOLOGES %
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Enterprise-scale Deployment

A An integrated system
Interacting with vendor API,
SoCo API, and VOLTTRON

Agents

A VOLTTRON allocates price
signalsto resources (loads)
which optimize and provide
total load projection

A This process iterates until
Microgrid controller meets
minimum convergence criteria.

A Real-time optimization driven
by measurements and
forecasts

A Optimizing and dispatching WH
and HVAC units 62 homes

F
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JSON AGENT

AGENT WH
utility Sl Optimizer

Interface AGENT AGEN
aia HVAC

Vlsualualnon
()‘mmner

AGENT Home i
Aggregato |otertace
A
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Hot Water
Predictor

Building
Parameters

/‘/Slte Sage, CPR\“ \
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Integration with RES API

A API Managed by
central gateway

&
- = ;{’;’P Agent Security Conbguronon Device Topk Event Hub Recemver MO0 PUb-SUD
A Several individually | i ol o o -
managed backend o o, -
resources |
A Gateway provisioned M A ) —_— —_— - |-
to handle 1M l‘d 9] — = -z )=
Requests/day — 3 I - ¢
A RES Processes ~3M messages per 24hr. | @ @ : __ ¢
Period \ VFHome  dm [Teran] 4
A 14 API sets for REST based
. . \ 4
communications S—
A 4 Categories of functions to manage 1 Viome
various backend activities cstiome

A Security Management
A Data capture
A Data provisioning
A Configuration management
A All external interactions managed
through centralized API Gateway
% OAK RIDGE | oge ovoses
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